Shown are that the current notion of cosmological expansion is contradicted by the equivalence principle, and that the correct theory involves a fundamental principle of physical scale predicting the cosmological constant, planetary Hubble flow and all aspects of the deep space anomaly. PACS 95.30.Sf, 98.62.Py, 95.55.Pe, 95.10.Km
Introduction
In current theory, the Hubble redshift is thought to be a Doppler shift due to an actual expansion of the universe. However, a uniform expansion of all space, ie. of all matter including the atoms of the observer's body, would make the redshift unobservable, so the expansion is thought to affect only the large scale structure of the universe [1,p719] [2,p197] , although this distinction of scale is not explicit in the Friedmann-Robertson-Walker (FRW) model [3, §5] . Among other interpretations, the restriction suggests that the cosmological time dilation (CTD), which is equivalent to an expansion of light clocks [4] , can affect light only while in transit between galaxies and not within the solar system, but several of NASA's deep space missions reveal a time dilation [5] . Though its magnitude matches the CTD [6] , its other characteristics are difficult to explain using the existing theories [5] [7] . A complete explanation of the anomaly is possible, as shown below, but it entails taking a stricter interpretation of relativity and questions the assumptions of the standard model.
The key development is the principle of relative scale, whose necessity follows from an inseparable aspect of the very notion of physical quantities, and which is sufficient for deriving the very postulates of relativity, as shown in the Appendices. The principle improves over Mach's ideas in providing a tangible notion of spacetime and its curvature purely in terms of measurable quantities, and yields a result complementing the Penrose-Teller rotation of special relativity. Importantly, it is shown that the Machian approach hides an entire degree of freedom that of relative scale, and that a relative expansion uniform on all scales avoids the contradiction described above. Equally significant is the associated proof, developed from the same arguments that originally led to the equivalence principle [8] , that the quantum mechanical scale of size is covariant, and not absolute, as hitherto believed [9,p3] , and is necessary for preserving the laws of physics locally everywhere under the relative expansion.
The notion of absolute scale seems to be pre-relativistic in origin [10] and the issue, in any case, independent of the current concerns in the field, say, of quantum gravity. In the present theory, a real contraction is inferred from the known relativistic variation of c [2,p115-117] , but in a manner unrelated to Dirac cosmology [11] , and though the Doppler interpretation is found to be invalid once again [12] , it is not as a conjecture, but as a consequence of the equivalence principle. Most significantly, the Hubble flow is shown to be an illusory relativistic effect, as it were, of ongoing tidal and geological processes on earth itself. It is shown, in §2, that the equivalence principle yields both a refractive index and a real contraction associable with spacetime curvature, the contraction being both caused and hidden by the gravitational redshift, in that the cumulative effects of contraction are indistinguishable from the gravitational redshift. The contraction is shown to preserve the local physics exactly, and the illusion of quantum scale invariance is explained in §3. It is shown to be implied by and sufficient for explaining spacetime curvature, and to lead to the principle of relative scale. The refractive index arguments prove the Doppler notions to be inapplicable for explaining spacetime curvature in general, and therefore even in FRW theory; the principle completes the proof that the correct interpretation of the expansion of space must be a relative contraction of the observer's own referents ( §4). In a completely relative world, a relative contraction is equivalent to an actual one, but we nevertheless need a mechanism to cause it.
Such a mechanism is shown to be quite possible, in §5, from the settling action of tidal and geological processes, the requisite contraction on the microscopic scale being then delivered by the incremental gravitational curvature suffered by the surface matter. The cosmological constant Λ is considered to be a sensitive test of this theory, since value for any deceleration factor q other than −1, as recently discovered [13] , would have meant the settling is not well damped, contradicting its proposed causes.
Two other sets of evidence, presented in §6, support the theory, the first establishing the likelihood of the Hubble flow manifesting on the planetary scale, which comprises published reports of systematic errors in the planetary ephemerides matching the flow in both magnitude and sign [14] , and the measured lunar recession [15] , whose value is sufficiently larger than indicated by Ho that it can include the known tidal cause. The second is the deep space anomaly, which indicates a continuing distension of the spacecraft due to the tidal action of their spins and the gravitational forces on them. The earth's contraction is needed to account for the residual value [7] and the earth-synchronous fluctuations [5] .
We have discovered, then, that even crystalline solids are not perfectly stable under the action of gravity, and that the same holds for the earth's volume. We have also discovered a fundamental principle of scale that underlies, and is responsible for, relativity, and explains the deep space anomaly, uninvestigated planetary drifts and Λ. The results contradict the standard model, however, and could be prejudged as being simplistic and incorrect.
Contended in defence is that it is the fundamental ideas of general relativity that had in fact remained incomplete, as shown by the scaling and magnification implications of the equivalence principle and their role in explaining spacetime curvature ( §2), and fundamentally incorrect, in depending on Mach's ideas, which contradict a basic epistemological asymmetry due to the involvement of the physical observer (Appendix D). Further contended is that it is the existing cosmology theory that has been simplistic all along i. in omitting a term in the derivation of Hubble's law ( §4) that should have been suspected intuitively, despite the mathematical obfuscation of relativity;
ii. in not really eliminating all terrestrial causes before rushing to attribute the redshift to the universe; and
iii. in being insensitive to the H 2 o acceleration inherent in very form of Hubble's law, which in fact exactly accounts for the measured Λ ( §5); Item (i) refers to the fact that the alternative causes proposed in the past, the so-called "tired light" theories, never really did reconsider the original assumptions for accuracy and completeness. The term "relativity" should have suggested a deeper symmetry between the observer and the observed, and not only between observers, as particularly brought out by the present theory.
That the observer's own physical state could be entirely responsible for certain observations was not allowed for, and item (ii) underscores the resulting fallacy. Item (iii) is ironic in that it should have been obvious as a null result for the observed Λ from elementary mathematics, analogous to the Michelson-Morley result for motion through aether that led to relativity in the first place.
The anomaly makes it very unlikely that the present theory could be incorrect, and we expect it will eventually turn out to be more satisfactory in many ways, since it implies a steady state model without requiring creation hypotheses to account for the average density [17] , and itself serves as example to suggest that other hitherto overlooked mechanisms exist that could better account for phenomena currently (thought to be) explained solely by the big bang theory ( §7).
Accounting and exclusion
The basic premise of the present theory is the notion, to be established below, that the equivalence principle as such makes the Doppler interpretation and the expansion of scale formalism mutually exclusive, implying that our existing cosmological ideas simply cannot be right. The notion comes from Einstein's 1911 paper, which predicted gravitational redshift and lensing by applying Huygens' construction to the non-constancy of the speed of light c [8] . Equivalence was construed, in the context of light travelling downward from a height h, between a static ground reference frame and an upward accelerating frame coincident with the ground at the instant of arrival of the light pulse. The resulting blueshift was computed from the Doppler effect in the moving frame, reasoning that it would have acquired a relative speed gh/c during the same interval, and from the energy gain in the static frame, of E0 (1 + δΦ/c 2 ) ≈ E0 (1 + gh/c 2 ). The two views are equivalent but clearly exclusive: one can either have gravitation or its equivalent acceleration, but not both in the same view, and the Doppler idea is valid only with the latter. The exclusion is central to the equivalence notion.
Gravitation occurs somewhat differently in cosmology, being caused by distributed dust and radiant energy in the FRW models, but is still the cause of the spacetime curvature [3, §5.2] . We therefore hold that the redshift cannot be legitimately construed as being caused by both static spacetime curvature and actual motion at the same time. We employ the further notion, from the same paper, that the frequency shift factor z = δΦ/c 2 (1) be attributed to a variation in the speed of light,
which constitutes a refractive index
Remembering that c is the speed not only of light but of all fundamental forces of nature, eqs. (2-3) have two complementary implications, to be described, that provide new insight into general relativity and lead to the present theory:
1. The real structural scale of matter should vary in inverse proportion to η, ie. with c, in order that the structural relations be preserved intact. The idea is especially easy to appreciate from the Huygens construction given by Einstein [8, §4] .
2.
The quantum scale appears to stay unchanged due to an artifact amounting to magnification in direct proportion to η (∼ c −1 ), derivable from other ideas of the same paper ( §3).
Though the quantum scale appears to be unchanged for most purposes, secondary effects like the redshifts remain observable. The scaling aspects are also complementary to the Penrose-Terrell rotation property of the Lorentz transform [2, §3.3] , which says in effect that no microscopic scaling really occurs in special relativity, which is a reason the quantum scale had been thought absolute.
The fundamental significance of the first scaling aspect is that it explains curvature. Consider, as example, the radius excess δR = GM/3c 2 ≈ 1.5 mm obtained when the radius of the earth is estimated from its surface area and compared to that from a direct measurement of its diameter [18, . Assuming our unit metre rod to be equal to the combined length of N atoms, we would measure the surface using these N atoms spaced out as determined by the surface scale. When we hypothetically measure the diameter by drilling a hole through the centre of the earth, we would encounter a denser packing of atoms as we neared the centre, but our metre rod would also be proportionally shorter. If we used this shortening metre rod, we should obtain the same value for R as we get from the surface area, since we would be relating the linear and areal dimensions of the same number of atoms, but in using the relativistic formulae, we inadvertently compensate for the diminshing spacing within the rod to reflect the surface scale, ie. as if we had measured the denser interior using a metre rod left at the surface, and thereby end up with an excess equal to the integral of the relativistic correction factor. The number of atoms cannot change between the measurements because it is a discrete quantity, showing that the curvature is an artifact of transformation to non-local metre rods.
The significance of the locality of the unit measuring rods, which had been hitherto unrecognised, is adequately described in Appendix B and formalised in §4 as a fundamental principle of physics and used to establish a distinctly new interpretation of the FRW equations exploiting the real scaling described above. This requires showing, in the next section, that both scaling aspects lead to consistent physics, for which we must first develop the magnification ideas and show that they invalidate the Doppler interpretation.
Einstein particularly considers that clocks in the static ground frame must tick faster when elevated to a potential δΦ, their periods decreasing by η in order to account for the frequency shift. The notion cannot be applied to the equivalent accelerated frame, in which the frequency shift is already accounted for by the Doppler effect, and whose clocks would be otherwise ticking differently only to the extent of the usually small Lorentz factor. Equations (1) (2) (3) and their interpretations are independent of the form of the gravitating matter, and should therefore be applied identically to all occurrences of spacetime curvature, in general described by metrics of the form
x denoting the spatial axes; the metric always determines the path of light, per the condition a 2 dx 2 − c 2 dt 2 = 0 (5) [2,p115-117] . We now adopt the further premise, valid in the astronomical context, that light is the only physical means for observing the distant entities and note that the speed of the photons cannot be separately measured at all [19] , so that only the ratio c/a is at all of physical relevance. The significance of this appears to have been completely lost in prior theory, mainly due to its informal semantics of space [21,p3] , which, among other defects, admits interpretations like Mach's principle [20] , shown to be epistemologically incorrect in Appendix D. The dynamical implications of the variation of c do not appear to have been at all explored in the literature.
Its special significance is that we may either assume c to be constant and perceive all variations as being caused by variation in a, thus obtaining the (scale) expansion picture, or keep a fixed and take c to be varying, which yields the refractive index and magnification perspective. These two views are not merely equivalent but physically identical, since one does not need even to switch reference frames, as in the analysis of the equivalence principle, in order to transition from one to the other, implying:
The Doppler picture is exclusive of the refractive index because it requires construction of a moving reference frame, and for the same reason, then, it is automatically exclusive of the expansion of scale as well. We therefore rule out actual motion from being a valid interpretation of the FRW theory, and it remains for us to show that magnification is a sound alternative.
Soundness of concept
Extending the foregoing interpretations, the redshift could be attributed either to a slowness of distant atoms relative to our own, thereby causing emission at lower frequencies, or to light itself travelling faster at these distances, so that the emitted wavelengths would be larger for the same clock rate at the source as on earth, and drop in frequency as c diminishes to c0 when the light arrives. The exercise is one of interpretation of the single property observed, viz. the redshift, given two physical degrees of freedom, spatial and temporal relative scales; any combination of these would be no more or less valid. Also to be noted is that it is indeed meaningful to speak of matching clock rates, for the second view, because there is no a priori relative motion involved as in special relativity, and in any case, there is no more fundamental justification for assuming matching spatial scales, as in the first view.
In the second view, the distant "atomic clocks" must be considered to be also magnified in proportion to c, in order to obtain the same "tick rates", so that this view is one of relative magnification of space, analogous to the relative time dilation described by the first view. Both views describe scaling of distant atoms relatively to us, and are therefore uniformly applicable on all scales, unlike current notions of cosmological expansion, which do not account for relativity with respect to earth and lead to difficulties when applied at the microscopic scale. Relativity with respect to earth is in fact exhibited by Hubble's law, z(r) ∼ Ho r,
since the associated effects should vanish on earth, where r ≈ 0, so that the observer's own body and instruments cannot be subject to magnification or time dilation.
These views could therefore be applicable to cosmology, but, because similar issues of scaling have been dealt with in other theories and have led to difficulties of their own, it becomes important to first verify that the relative magnification or time dilation would preserve the local physics and the spectral uniformity of redshift just as well as the Doppler effect [22] . Since the views are essentially perceptional and equivalent to mere coordinate magnification, there should be no impact on the physics. More particularly, the structural relations within matter are fundamentally governed by dimensionless constants, which cannot be affected by coordinate magnification. Since the internal structure of matter involves forces and energies, these questions are resolved by dynamical considerations, applicable to both classical and quantum interactions, as follows.
For the premise that the magnification is purely of spatial scale, per the second view described above, only those dynamical quantities that are directly dependent on spatial dimensions can be affected. Masses, charges, angular speeds and angular accelerations should remain unchanged, while linear displacements, velocities and accelerations would be magnified with c. All centrifugal forces must likewise increase with c, because of their mω 2 r dependence on linear dimensions, forcing a corresponding increase in the centripetal forces, typically due to charge interactions and of the form e 2 /r 2 , so that the apparent strength of the Coulomb interaction, e 2 , must increase as c 3 . This can be considered purely as a property of space in the classical picture, by attributing the increase to the permittivity of vacuum, ǫ0, given that e 2 ≡ q 2 /4πǫ0. By dimensional equivalence to Coulomb forces, gravitational forces too must scale as c 3 , which is consistent with their form, ∼ GM m/r 2 .
In the quantum picture, the energy magnification must be treated in terms of Planck's constant, which in any case has the dimensions of energy times time itself, yieldinḡ
for consistency with Planck's law E =hω. This suffices to preserve the fine structure constant, α = e 2 /hc, so that the dipole and quadrapole spectral lines would be shifted by the same ratio, exactly as in the equivalent (but mutually exclusive) Doppler view.
All thermodynamic relations and reaction rates are likewise preserved by coordinate magnifications, since the gas laws mandate
for each degree of freedom j, so that kBT must scale as the energy H, ie. as c 2 . This suffices to preserves entropies, which are dimensionless, being of the form S ∼ −U/kBT , and, thereby the reaction rates, which depend only on the entropies via partition functions of the form e S .
The Doppler characteristic of uniform spectral shift is thus exactly reproduced by the magnification view, which additionally preserves the local physics. In Appendix A, the time dilation picture is shown to yield the same results, but with the distant values of c andh diminishing by η, and the distant energies, by η 2 . 2
In either picture, the photon energies are modified, at least apparently, by the time they arrive. These energy changes cannot be regarded as an interaction, especially given their opposite signs, and are purely illusory. Only the redshift, of magnitude η −1 regardless of view, can be regarded as an actual interaction with the gravitational field, or as an effect of the equivalent spacetime curvature, but, once again, not as both in the same picture. Finally, the apparent preservation of the quantum scale ( §2) can now be explained. When we observe the bottom of a deep well from the top, the bottom atoms are slightly smaller, but to appreciate the shortening of scale would mean accepting the refractive index. Quantum ideas are generally based on taking c = c0 everywhere, and have not shown an obvious inconsistency with observed data simply because the artifact is equivalent to the inverse of the magnification view just described, sustaining the illusion of an absolute scale.
Relative scale cosmology
Equations (7) and its temporal twin, (26) (in Appendix B), define the notion of quantum scale covariance, and this has in effect been claimed, by the arguments of §2, to be the only legitimate way to interpret general relativity. The covariance means that, from any given observer's perspective, the atoms in every other region of spacetime can be larger (or smaller) according to η(x, t), and the local physics is preserved intact by the magnification (or dilation) at each point. Conversely, since no observer can be assumed to be special, the only way each observer can find the local speed of light to be quantitatively c0 is by using its own local physical referents for spatial and temporal scales. For example, at a location characterised by η = 0.5, the atoms would be twice their size on earth in the magnification view. An observer at that location can arrive at the same numerical value 2.99792 m/s for c0 only if its definition for the metre and the second are based on its own local atoms, so that its notion of the metre also must be twice as large as ours. This leads to a principle of fundamental significance: All physical variables are quantifiable only in relation to physical objects which are built locally to the same scale, so the fundamental scale of matter is not absolute but covariant.
This notion of relative scale is necessary and sufficient to preserve local physics, whether in special or general relativity. The sufficiency is trivially obvious; its necessity stems from the fact that it follows whenever local physics is conserved. More importantly, it reveals a fundamental circularity in the very notion of a physical quantity: we cannot, without condemning ourselves to fallacy, speak of an absolute quantum scale of size, since this size is itself determined only by reference to (local) macroscopic physical objects used as the units of scale. The fallacy lies in the fact that quantum mechanics is a local theory of matter, and is by definition absolutely unqualified for establishing any absolute scale whatsoever, in the sense of uniformity over spacetime.
The above principle of the relativity of physical scale is particularly applicable to cosmology, where the redshift has been hitherto interpreted as an expansion using a less precise notion of scale, viz. as signifying only a general order of cosmological distances:
in other words, as a virtual scale [3,p98] . This cannot be correct, per §2, because actual recession can be properly considered only as an alternative to the variation of scale represented by a in the relativistic metric (eq. 4). The magnification and dilation views of §3 cannot be directly applied either, since the static gravitational effect only supplies a constant redshift and not a velocity per eq. (9), and in any case, general relativity is in principle a representation of existing gravitational fields and cannot supply a totally new motion. However, the main result of FRW theory, thatä < 0 for any given ρ > 0, requiresȧ, if ever positive, to eventually become negative and does not allowȧ to vanish for all time [3,p98] .
The paradox vanishes when one recognises that eq. (9) is incomplete, and that the redshift data merely means that the quantifications of the redshifts of the stars are found to be proportional to the numerical values of their distances from the earth. This is insufficient for inferring an actual recession (dS/dt in eq. 9) because any given physical distance S can be quantified only as a ratio
where f (S) denotes the physical measure of the distance S using a conceptual linear set of notches on our instrument, and f (R) is the corresponding measure obtainable for the local unit (metre) referent, as elaborated in Appendix B. By the rules of elementary calculus, the variability of the referents R should also be considered, yielding
which can be more succinctly expressed as
to give
The first term,ȧv/av, which clearly corresponds to prior theory, can legitimately represent only actual motion and is expressly incompatible with the expansion of space, as vaguely claimed in the standard model. The expansion role is fulfilled by the second term,ȧ/a, which does relate to the real scale factor a in the relativistic metric (eq. 4), but then its sign clearly implies that:
A positive redshift, H > 0, can only mean a shrinkage of the observer's own physical referents ∼ȧ/a < 0.
Intuitively, the result simply means that relative to the universe, we must be diminishing and that our shrinkage must be uniform down to the subatomic scales of matter, which would be entirely consistent with the uniformity of relative magnification and dilation considered in §2.
To appreciate this, consider a galaxy 10 25 m (about 10 Gy) away: if all of our local atoms were to shrink by 10% say, our metre standard would become that much shorter, and when we use it to quantify the distance, it would appear to be 10% longer, 1.1 × 10 25 m, regardless of how or whether we measure it. We already have such a situation in ordinary gravitational redshift, since, in the magnification picture, our atoms effectively shrink by η ≈ (1 + gh/c 2 ) −1 when we ascend to a height h above the ground, and we do see starlight photons redshift accordingly; we do not get anything new only because this is a static situation. On the other hand, if our atoms were to continue shrinking, even when we are not rising in the earth's gravitational field, at a tiny rate of 2 × 10 −18 s −1 , the galaxy in question should appear to recede at a speed of 2×10 −18 ×10 25 = 2×10 7 m/s, exactly that predicted from Hubble's law taking Ho ≈ 65 km/s-Mpc. We use this value, obtained from supernovae (SNe) Type Ia [13] , as a worse case setting for our calculations; it will become clear from the empirical evidence presented in §6 that the lower currently accepted value of 55 km/s-Mpc would only strengthen our case. It is easy to verify that the same "Doppler shift" would be obtained from this "virtual motion". The FRW result,ä < 0, is also elegantly satisfied, sinceȧ/a is no longer required to change sign. It is shown in §5 that the observed Λ is not due to the resulting monotonic increase predicted by FRW theory, but to a hitherto unrecognised acceleration already present in Hubble's law (eq. 9).
This corrected interpretation of FRW cosmology more fundamentally questions the very validity of the big bang theory central to the standard model. Equation (13) means that in a universe infinitely old and hypothetically static, ie. with dS/dt = 0 everywhere, a slow ongoing contraction of our terrestrial referents, at onlyȧ/a = −H ∼ O(10 −18 ) s −1 , would reproduce the entire observed redshift and apparent large scale recessions. Other basic but unexplored mechanisms have been found to exist that more satisfactorily resolve some problems ( §7) currently explained only by the big bang theory, so that the present conclusion cannot be held invalid purely on such grounds. There is, moreover, substantial evidence, described in §6, for Hubble flow on the planetary scale, supporting our prediction, by eq. (13), that it must be scale-invariant.
The most significant development is that the spacecraft anomaly yields evidence, as explained in §6, of an actual ongoing contraction of all terrestrial matter. This means our treatment of Hubble's law, eq. (13), is no longer just a matter of relative perception, but descriptive of a measurable mechanism with local variations that cannot be predicted from prior theory, since Einstein's notions of space and time [21,p3] did not take into account the relativity of physical scale. As shown in Appendices B-D, this principle is sufficiently fundamental for deriving even the speed of light postulates of special relativity.
Actual contraction
Primarily, the mechanism envisaged is settling likely to be caused by geological and tidal processes. There is little reason to expect such a settling, other than that it is likely only because the earth has a solid crust and that the crust and mantle can dissipate energy to space even as the atmosphere heats up by absorption from the sun. With the quantum mechanical scale proven to be covariant, there is no way to rule out the possibility. The closest known result is Birkhoff's theorem [1, §32.2] , which only guarantees the stability of the central field geometry, not of the matter causing the field, and readily admits the formation of blackholes. It seems to have been generally assumed that the electromagnetic and quantum mechanical forces within matter would prevent a continuing gravitational collapse, but such an assumption cannot be justified on the planetary scale unless the earth were absolutely cold and its structure not periodically perturbed by tidal forces. Moreover, the shrinkage rate needed to account for the Hubble redshift is extremely slow, with "half-life" exceeding the age of the solar system, and amounting to only 0.4 mm/y in the earth's radius. Unless we were looking for this motion, it would be indistinguishable, even with the right instruments, over the ordinary geological activity; for example, the island of Maui is moving westward at about 6 cm/y. Overall stability of the earth's volume to this precision cannot be assumed without measurement.
Why should the gross settling imply contraction on the microscopic scale? Conceptually, an incremental settling by height δr should subject surface matter to increased gravitation, ∂Φ/∂r δr, causing the incremental redshift
by eq. (1), and this involves a real contraction, as shown in §2, whose rate is sufficient to cause the redshift of eq. (13). This has a remarkable significance, in that the cumulative contraction of terrestrial surface matter since the beginning of the solar system should be in excess of a factor of 5, judging by the largest Hubble redshifts known, so that even a small difference in the contraction rates between the planets should have been quite apparent from their spectra. Indeed, since the settling process is only meaningful on the denser inner planets, there can be no such contraction on the gas giants, so that such differences should be substantial. However, the cumulative effects are identical to the expected gravitational redshifts, so that the continuing contraction is essentially traceless.
The only indication of the contraction, then, should come from the incremental gravitational redshift, when observed from space, or the corresponding blueshift of starlight seen from the earth. However, at 0.4 mm/y, the incremental difference over the past century would be only that of 40 mm, far too small to be reliably distinguished from local geological fluctuations over the same period. It is necessary, therefore, to look for effects relating to the rate of contraction, assuming, from the above, that it is ongoing. The settling could perhaps be directly measured from space some day as a Doppler shift, but it is certainly very difficult, being only about 13.5 pm/s. The apparent recession velocities, given by eq. (13), and its equivalent Doppler redshift, eq. (6), are the easiest to measure, and our reasoning for their cause, viz. the settling process, seems to have passed at least one crucial test of validity as follows.
Although we do not know the detailed mechanics of the settling process, the fact that most of the earth's matter is condensed and resistive to further compaction strongly indicates that the process must be heavily damped, and therefore that its rate Ho would be fairly constant, ie.
at least over the recent geological past. This has been put to test by writing Hubble's law, eq. (6), aṡ r = Ho r,
which gives the acceleration
the first term denoting an implicit acceleration, that a star at r and receding at speed v(r), should acquire a greater speed v(r + δr) by the time it reaches r + δr.
Since our premise of damping appears unavoidable, the theory would have been in serious jeopardy ifḢo were discovered to be non-zero. The evidence to verify this has been available only in the past year, since, by eq. (17), the total acceleration would be ∼ H 2 o , which is only O(10 −36 ) s −2 , too small to have been measured other than from SNe Ia. Equation (17) yields the deceleration parameter
noting thatä/a ≡r/r, which compares with
in prior theory [1,p772-774] , the Ω's being the densities
Traditionally, Λ had been thought to be zero and q was expected to be positive, which would have destroyed our case. The discovery that q = −1±0.4 [13] , while not at all special in the standard model, turns out to be particularly favourable to our theory.
The validity of eqs. (17) (18) can be assumed only for low speeds. Equations (19) and (20) are relativistically correct, however, and the value of q indicated by the SNe Ia data should be uniformly applicable even at low z at which the Lorentz correction is small, so that the comparison with eq. (18) is quite legitimate. Incidentally, a Lorentz correction might not be meaningful for a velocity which is merely an artifact of the observer's own changing scale. Without this correction, the "Doppler" redshift factor z simply becomes the normalised velocity v/c, so that the most distant objects we currently see appear to be receding at 6c or more.
The constancy of Ho (eq. 15) particularly gives the exponential evolution formulae
which are handy for appreciating the form of Hubble's law arising from the theory. Consider identical photons emitted at t0 by two stars, A and B, at distances SA and SB from earth respectively, as observed by a deep space observer who is not subject to our terrestrial contraction. If SA < SB, the photons from A would arrive on earth first, and by the time those from B arrive, the terrestrial referents would have further shrunk by e Ho δS/c , δS ≡ SB −SA, making the wavelength of the B photons appear longer by this factor.
It should be realised that the above redshift is due to scaling by distance and is inherently asymmetric: naively, one might expect a deep space observer to observe an increasing blueshift in light emitted by a shrinking twin on earth, but the shift is toward red, not blue, and would remain immeasurably small because it cannot be amplified by the distance, since it is fundamentally not due to the receiver's physical state.
We are now ready to re-interpret the FRW theory, which, by its premises, should apply to the perspective of every observer at every spacetime location, but it cannot predict the same contraction rate everywhere, because the density ρ is only a statistical average. The current interpretation is fundamentally naive in assuming the results to be homogeneous on the large scale: the only legitimate conclusion possible is that contraction would be the most likely occurrence found if a differential volume element were sampled at random over the universe. Such an average can have no direct bearing on the values ofȧ andä at a given location, other than as a mean with an unknown variance; both values should be predominantly governed by the nearest massive bodies.
Additionally, the settling process can occur only if the net field on a body is its own, otherwise the body would be stretched instead of shrunk by the tidal action of the external forces. Cumulative effects would not be invisible either if the body is in motion with respect to the field. The two ideas suffice to accurately explain the spacecraft anomaly, as described in the next section, and similar expansions might be responsible for other high-redshift objects, which are currently unexplained [26] .
Empirical evidence
Three results remain to be reported:
• evidence for the occurrence of the redshift within the solar system, comprising planetary ephemerides and lunar recession data;
• evidence that the Hubble flow appears as a blueshift from deep space, and that it correlates with the tidal stresses on the spacecraft; and
• measurability of the terrestrial contraction.
The first result, viz. planetary Hubble flow, is predicted because a contraction of our local referents (R in eq. 10) should magnify all measured distances, even terrestrial ones. Accordingly, in order to test our theory, we looked for data that would indicate the absense of the Hubble flow on the planetary scale.
The flow is too small to be revealed directly by Doppler radar, being a mere 16 µm/s for Jupiter and only 125 µm/s for Pluto, respectively, taking the worse case value value of Ho = 65 km/s-Mpc. The cumulative drift also turns out to be sufficiently small, as shown by the calculated values in Table 1 below, to be unrecognised and routinely confused for measurement or calculation error. In the xxx.lanl.gov archives, we found mentions of systematic errors being noticed in planetary ephemerides during Mercury and Jupiter missions, in each case years after the ephemerides had been developed. In particular, Jupiter is reported to have been found 11 km farther in 1992 than expected presumably from 1970s data [14] , representing a recession of 611 m/y, or 77 km/s-Mpc. Given the uncertainties of measurement, this is a very close agreement with the predicted planetary Hubble flow. Moreover, the uncertainties in all planetary motions seem to just about exceed the cumulative Hubble displacements in magnitude, which is in any case likely because the error would be itself expected to be proportional to distance, matching Hubble's law. It thus seems that the systematic errors found in the past were more due to the Hubble flow than engineering limitations in measurement.
The one astronomical body that has been routinely ranged with greater precision is of course the moon, and in this case, a recession has been theoretically expected because of its tidal interaction with the earth. As there is no way to measure this other than by ranging, it is no longer legitimate to claim the measured recession to be entirely due to this cause. To rule out contraction, the recession should have been equal to or less than the flow predicted value; it turns out to be 3.84 cm/y [15] , well above the flow prediction of 2.55 cm/y, and still leaves a third of the recession to account for the tidal retardation.
The most detailed evidence is the spacecraft anomaly, almost all of whose features are explained by our theory:
i. why the anomaly affects the spacecraft and does not manifest in planetary ranging [7] ;
ii. why the anomaly seems to level off somewhere beyond 40 AU (Pioneers 10 and 11) [7] ;
iii. why it differs between spacecraft and the clock drifts and other time-keeping explanations fail to match the range data [5] ;
iv. why the Doppler residuals show fluctuations of upto 20 Hz in Galileo's earth fly-by [5] ;
v. why the anomaly exhibits periodicities that (1) strongly correlate with the earth's orbit, (2) show an annual oscillation linearly decreasing from 1987 to about 1994, with maxima larger than minima in amplitude;
(3) contains a mid-year fluctuation between 1993 and 1996; and (4) more frequent fluctuations thereon (Pioneer 10 data) [5] ;
vi. why it diminishes almost linearly beyond Jupiter till somewhere beyond 40 AU [7] ;
vii. why it increases approaching the sun, as in the orbits of Ulysses and Galileo, faster than r −1 , but slower than r −2 [7] ;
viii. why it continues to differ between the two Pioneers as they head out into the galaxy [5] ; and ix. why it remains larger (∼ 84 km/s-Mpc) than the Ho indicated, say, by SNe Ia (65 km/s-Mpc [13] ).
The first two properties are explained by the fact that the ranging procedure is indeed different from that used for planets, since the radar return signal is generated by an onboard oscillator rather than passively reflected. The Pioneers cannot be subject to the contraction mechanism that affects us on earth, so their atomic clocks must be ticking at a steady rate. Our oscillators are shrinking and speeding up, however, making the spacecraft appear to be suffering a steadily increasing time dilation relative to us, as shown by the residual Doppler plot [7] . This explains not only the order of magnitude of the Pioneers' anomaly but also its relative constancy, as the terrestrial contribution would be independent of distance.
The terrestrial contraction cannot possibly account for the remaining properties, which lead us to suspect a similar mechanism acting on the spacecraft, but opposite in sign, ie. an ongoing expansion, to account for (vii) and (ix). The cause of the terrestrial contraction ( §5) was in fact deduced by looking for a plausible cause for the spacecraft expansion, asking under what circumstances such phenomena could occur. We are unable to conceive of any way that they could be caused by hydrodynamical processes on and within the earth, and in any case, the spacecraft, like the earth's crust, are mostly solid. The molecular forces within solids are ordinarily quite capable of maintaining their structure, but it is well known that they do not always withstand macroscopic stresses. It seems likely that microscopic fractures could be building up very gradually, not yet sufficient to disable the onboard electronics, but enough to cause a proportional increase in the transmitted wavelengths.
We particularly consider repetitive shear stresses, such as those caused by the body's own spin in the presense of an external gravitational force, to be sufficient to produce this continuing expansion. For maximum stress amplitude, the spin axis must be perpendicular to the external force, and conversely, no variation can occur if the force is axial. Furthermore, the net result would be a contraction only if the net gravitational pull is inward into the body, as it is in the case of the earth. In the case of the spacecraft, the net pull is always outward, so the result of the macroscopic deformations must be an expansion. Lastly, the spin axis invariably passes through the telemetry antenna, which must be pointing directly toward the earth (earth-acquisition) in all of the measurements, so we do know that the spin could not have been aligned with the sun for most of the time.
We thus arrive at the following first-order model for the expansion relative to earth:
where α and β are constants, ω is the spin,ω, the spin axis, g ≡ gĝ, the net gravitational force acting on the spacecraft, and ke, the residual effect due to the earth's own contraction, as revealed by the Pioneers. Since the sun accounts for over 99% of the mass of the solar system, we may safely ignore the planetary forces for our analysis. For a given spacecraft, we may assume ω to be constant, so that α ceases to matter in determining the variation oḟ a/a. The sun's inclination with respect to the spin axis,
explains property (v1) because θs varies periodically with the earth's revolution around the sun. Between 5 AU and 40 AU, max(θs) drops from 11.32 • to 1.43 • , accounting for a factor of 7.8 ≈ 40/5 in sin(θs). This supplies the linear falloff beyond Jupiter (vi), without modifying the gravitational field equations, as attempted in the past [7] , indicating that β < 1, which is quite acceptable given our idea that the expansion is essentially rheological.
The model clearly suffices to account for the significant differences between the spacecraft (iii), since it is dependent on their orbits the relative position of the earth at each instant. This, together with property (i), shows that the anomaly cannot be attributed to the gravitational field, and that any attempt to model it as a modulation of the field would fail to account for all its variations. In Galileo's earth fly-by, for instance, the spin axis would be pointing almost exactly perpendicular to the sun, guaranteeing maximum expansion rate at that distance from the sun. More importantly, there would have been an almost continous telemetry exchange during the event, sufficient to reveal short-term variations in the instantaneous expansion rate, which are to be expected because the microscopic fracturing characteristics of the spacecraft's electronics would be anisotropic, and suffice to explain (iv).
The almost linear decrease of the sucessive maxima of θs is clearly visible in the first graph given by Turyshev et al [5] . Since θs must go through two maxima for each revolution of the earth, we should have seen a semiannual oscillation, which would account for (v3). The annual oscillation (v2) seemed to pose a problem at first, but is easily resolved as follows:
• What the graph [5, Fig. 1] shows is a best-fit curve, and it skips more data points on the minima side. The skipped points between 1988 and 1989 do show the possibility of such an oscillation.
• The data points are not uniform, which is expected because the earth would have been occluded by the sun once every year while the spacecraft was still within the solar system. This costs data points that would have otherwise captured the expected mid-year fluctuation, but, more importantly, the spin axis would not have been aligned toward the earth during these times, thereby missing the midyear fluctuation altogether. At all other times, the spin axis gets corrected by the earth-acquistion. This explains why the skipped data points near the minima are wildly off the best-fit curve.
• If the spacecraft trajectory is at any significant angle to the ecliptic, it would account for the fact the bestfit maxima are larger than the minima, as θs would be larger when the earth is on the same side of the sun as the spacecraft.
Of the several factors that likely contribute to the rapid fluctuations after 1996, the most important seems to be that at some point beyond 40 AU, the earth-acquisition process generally ceases to function as θs is well below 1 • . The spin axis then simply continues in whatever nutation it would have acquired by this time without affecting the telemetry. This explains both the transition from linear drop (vi) to a constant residual value (ii) at somewhere beyond 40 AU, and the simultaneous manifestation of the higher frequency component (v4).
The model also explains (vii), since the maximum sin(θs) can be is 1, even when the spacecraft are much less than 1 AU from the sun. A large variation of β between the spacecraft is unlikely, given that the electronics would be built mostly from the same materials, but we need more detailed information about their orbits, in relation to the earth, in order to estimate β more precisely.
Properties (viii) and (ix) are explained by considering the vector sum of the solar and galactic gravitational forces acting on the spacecraft. Because they are headed in opposite directions from the sun, their spins must be in line with the sun (and the earth), at least so long as their signals were being received. Had their headings been perpendicular to the galactic centre, the net forces on the spacecraft would have been symmetrical with respect to the sun, and the expansion rates would have been equal. However, one craft is intentionally headed instead toward the galactic centre, so the vector sum of the forces can be neither equal nor symmetric about the spin. This not only explains the disparity, but confirms that the spacecraft are indeed still expanding, accounting for (ix).
We can also conclude, as mentioned in §5, that the uniform influence of the large scale density ρ must be at least two orders of magnitude smaller than the largest expansion rates, those of Galileo and Ulysses, since it would have otherwise masked the difference between the Pioneers' anomalies. In any case, we can now predict the anomalies of pairs of oppositely directed crafts to be equal and maximum when headed perpendicular to the galactic centre, and equal and minimum when headed directly to and away the galactic centre, respectively.
Our analysis of the planetary and spacecraft data also suggests that the contraction (or expansion) rates should be locally measurable despite their small magnitudes. By eqs. (21) , confined photons should exhibit redshift with "aging", detectable as a cumulative phase shift δφ over time. We can compute this from the relations
where L is the total optical path length, so that δφ = Ho L 2 cλ or L = c λ δφ Ho .
For example, to detect a shift of 10 −6 fringes at 500 nm, we need an L of 8436 km. In a Fabry-Perot interferometer with mirror reflectivity over 99.9%, a 20 dB budget for mirror loss would allow 4600 reflections, and require the interferometer to be 1.84 km long.
Note that this aging should not be confused for the CTD of prior theory, which, as remarked at the beginning, is inseparable from the large scale expansion and should affect light only while in transit across intergalactic space, so that any detected aging should be considered as evidence in our favour. Moreover, the expansion of space and the CTD are thought to be uniform over the universe, whereas we predict non-uniformity, to the extent that the contraction rate should change sign aboard deep space missions, which should be verifiable by deploying compact interferometers, constructed, say, using low temperature fibre optics to reduce L and wide-band erbium-doped coherent repeaters to reduce the laser power requirement, on future planetary and galactic missions. Furthermore, the cumulative effects of the spacecraft expansion also need to be investigated, since they are not hidden by the gravitational redshift, unlike the planetary contractions. As explained in §5, the latter are really due to the increasing gravitational field as the radius decreases, and the contraction is therefore uniform, isotropic and scale-invariant. These properties cannot be automatically valid for the expansion, and the apparent smoothness and linearity of the Doppler residuals may be due to the fineness of the tidal damage, or, more likely, to the artifact of curve-fitting. The non-uniformity of the instantaneous expansion rate was clearly manifest in Galileo's earth fly-by.
Conclusion
To summarise, we have shown the traditional notion of the Hubble redshift as an actual motion signifying a large scale expansion of the universe, to be incorrect on both counts, as follows. By returning to the original arguments of the equivalence principle, we showed in §2 that actual motion semantics can be considered only as an alternative to the spacetime curvature responsible for the redshift. The original arguments were developed in §3 into two direct interpretations for the curvature, as spatial magnification and time dilation, both relative to the observer and uniformly valid on all scales, and it was shown that both views consistently conserve local physics. It was further shown that the curvature as such involves a real contraction hidden by the usual normalisation of units, giving the illusion of an absolute quantum scale, and that the real contraction is the only legitimate cause of Hubble redshift ( §4), which could not be previously recognised only because the underlying notions of space in Einstein's theory were imprecise and had not taken into account the unavoidable reference to the observer's physical units of scale as a principle of physics.
We describe and demonstrate the fundamental nature of this principle and in the appendices. The hypothesis of ongoing contraction is partly based on experience of settling processes ( §5) and is supported by three sets of evidence presented in §5 and §6, viz. the cosmological constant Λ, the planetary Hubble flow indicated by the reported "systematic errors" in planetary ephemerides and admissible by the measured lunar recession, and the details of the spacecraft anomaly.
As remarked, our theory implies a true steady state model for the universe, without the creation processes hypothesised by Bondi, Hoyle and others [17] . Some of the features of prior theory that depend solely on the redshift, such as the cosmic microwave background (CMB), could be reinterpreted in the present theory as local effects around the earth powered by its own contraction; we do not know if this is a correct conclusion, and the final test will be to actually measure both Ho and CMB from deep space. The anomaly data indicates that a negative Ho (blueshift) would be observed, per eq. (13) and at a rate varying according to eq. (22), since the onboard observers and their instruments and unit referents would be gradually stretched by the tidal forces. It seems rather unlikely that their measurements of the CMB would yield the terrestrial value under the circumstance. We do not as yet know the impact of these discoveries on other aspects of the standard model, of which the most fundamental seem to be Olbers' paradox and the apparent youth of the most distant galaxies, judging from their spectra. We do know of diffractive and quantum mechanisms, also overlooked before, that seem likely to resolve both.
Our theory exploits the empirical uncertainty that had existed because of the smallness of Ho, although this was recognised only later. The theory was conceived as a counter-example to the idea that a different explanation for the redshift was impossible; the remark suggested a procedural attack by reexamining the FRW variables and enumerating the alternatives. The smallness of Ho posed a problem for verification, and were it not for the peculiar details of deep space anomaly, we might have dismissed both the H 2 o significance of the observed Λ ( §5) and the contraction term in eq. (13), since the theoretical developments are otherwise entirely consistent with and merely refine existing theory. uniformity of the spectral shift and preservation of local physics as the magnification view ( §3).
This time, only the dynamical quantities dependent on time would be affected, which means that both linear and angular speeds would be slowed by η, ie. decreased as c −1 , and all accelerations, by η 2 , while masses, charges and displacements remain unchanged. Since centrifugal acceleration are now smaller by η 2 , the centripetal forces must be diminished by the same factor η 2 to maintain orbital relations, which is consistent with the form mω 2 r of the centrifugal acceleration. We must now assume the Coulomb (e 2 ) and gravitational (G) interactions to be weakened as r 2 η 2 ∼ η 2 , so that the binding energies are diminished by η 2 .
More importantly, recall that in this view, the distant "atomic clocks" are assumed to have the same spatial dimensions, but to "tick" slower, meaning that the local speed of light c must be less than c0 by η. The distant atoms emit redshifted photons, and the frequency ω contributes a weakening factor η to the photon energy. We need a different modification,
to preserve Planck's law E =hω at the distance. These modifications are just right once again for leaving the fine structure constant, α ≡ e 2 /hc, unaffected.
Furthermore, all thermodynamic relations and reaction rates are also preserved under the dilation, so long as we assume the temperature T to decrease in proportion to the energy per eq. (8), so that the entropies and the partition functions stay unchanged, just as in the magnification picture ( §3). 2
B Relativity of scale
A fundamental consideration that was overlooked in the development of relativity theory is the fact that the physical referents used for the units of scale are always local to the observer. An expansion or contraction of these unit referents is clearly bound to scale the measurements of all classical and quantum variables possessing the dimensions of space (L) or time (T ), so the dependence on local referents should affect both relativity and quantum theories. This principle of physical scale is necessary by definition of the notion of measurement, as formalised below, and turns out to be sufficient, as shown in the remaining appendices, for deriving the entire theory of relativity. Specifically, the impossibility of sharing these referents due to relative motion or separation by time or distance is responsible for the special and general theories of relativity, respectively. We show here that the precise formulation of physical scale rules out the absolute scale notion of quantum mechanics.
A related principle employed here is that information can be represented and communicated only as numbers. The rationale is that by definition, information exists as, and is represented by, an encoding of spatial or temporal patterns in material and field properties, and not as matter or energy by itself. A carrier wave may arrive redshifted, for example, but a message that lies in its modulation pattern remains intact and recoverable. The principle precludes the possibility of communicating an absolute scale of size, as shown below, for which one needs to be share a material unit referent.
A third notion of fundamental significance is that every observation is a physical interaction between the observers and the observed entities, and the data from observations necessarily represents the effect of these observations on the observers. The latter notion is distinct from that of quantum uncertainty, which only concerns the effect on the observed entities.
A formal notion of physical scale is obtained from these ideas as follows. We need to construct numbers for storing or communicating physical quantities, and these numbers must be derived from the physical effects of observation on the observer's instruments. We cannot transmit the effects directly, since they are physical and embodied within the instruments. If the effects are displacements of some kind, we could mark the instruments in some way and count the notches to read off numerical values for the effects. This is not good enough even for everyday needs, for which we employ a system of standards for calibration. In principle, we measure the standard unit referent on the same set of notches, and report subsequent measurements as ratios, which are pure numbers, of the number of notches displaced in the measurement to that displaced by the unit referent.
The value of any physical variable thus represents the ratio of a physical effect, measured in an arbitrary system of notches, of that variable on the observer's instruments, to a similar effect by the physical unit referent used for the unit of scale. Formally, two observers, say A and A ′ , who measure the same object S using the same physical referent R, should arrive at the respective numbers
where the f 's denote the physical effects (notch counts) of S and R on their respective instruments. These values must match if the observers happen to be constructed identically (identical notch markings), as well as placed similarly with respect to both S and R, so that
yielding n = n ′ . The converse is clearly not true, however, and a congruence of local measurements, given by the matching of all numbers n, n ′ obtained as above, does not suffice to guarantee the equality of physics, as represented by the independent sets of physical entities {S, R, f } and {S ′ , R ′ , f ′ }. The only way to actually compare the physics is by cross-measuring the referents, for example, by A measuring R ′ with respect to its own referent R. This is the notion of the relative time dilation and scale magnification in §3.
It should be also noticed that the unit referents used to quantify quantum variables are necessarily macroscopic, which means that the quantum mechanical scale is in effect defined by physical referents built to the same scale. This circularity is clearly unavoidable and rules out the construction of absolute scales from local physics. As shown in the remaining appendices, it is the inequality of physics that constitutes relativity, and quantum theory is therefore incapable of providing an absolute physical scale even by non-local measurements.
It should be questioned why the sharing of referents of scale should be at all of fundamental importance, observing that, after all, they are only relevant to the quantification of physical variables and are not directly contained in the dynamical equations of either classical or quantum mechanics. The reason is the converse principle that fundamentally comprised of interactions and the physical states of real systems must be governed by the same rules that apply to data representable by these states.
C Postulates of special relativity
We now outline a logical derivation of the speed of light postulates of special relativity from the foregoing principle of physical scale by considering their inability to share referents due to relative motion. We are concerned with two independent physical scales, defined by the respective sets of referents, whose equality cannot be automatic only because of the relative motion. By the formalism of Appendix B, each of the observers must scale the other's numerical values by spatial and temporal scale factors, in order to be able to compare their observations of a given physical variable. By the premise of separation by relative motion, the spatial and temporal scale factors must be determined solely by the motion.
We consider first that the most general transformation of scales under this circumstance is indeed Lorentzian, and derive the postulates by considering the analyticity of the interactions involved in observing the given variable. We may not apply known results, unless purely mathematical, in order to avoid introducing the past assumptions inadvertently. Accordingly, we shall prove that c is indeed the maximum speed for any physical information and interaction, that it is the same for all fundamental forces of nature, and that it is identifiable with light, using only very elementary arguments.
The Lorentz transformation is obtained by considering each observer to represent the other's view within its own coordinate system by scaling the space and time coordinates. The origins can be chosen to coincide since the only crucial distinction between the other's view and one's own both in one's own representation, is the relative motion, which means that the numerical magnitude and relative direction of the mutual velocity v must match between the represented views. Assuming there are no other differences, the scale factors between the two views must be linear, so that the scale factors ∂x ′µ /∂x ν must be constants depending only on v. A linear scale factor is representable by inclining the transformed axis, but the net result cannot be a true rotation since there is no basis (yet) for assuming any meaningful transformation of time into space or the vice versa. It follows that the transformed axes must be inclined inwards in all four quadrants, recovering the familiar appearance of the Lorentz transformation.
The transformation may be expressed in terms of a dimensionless parameter β that determines the angle of inclination. The simplest form of β which depends on the relative motion v is β(v) = |v|/c, c being a constant with the dimensions of speed. It is natural to interpret c as the speed of the physical interaction involved in obtaining f and f ′ of Appendix B, because a transformation would in any case be needed if the observers were merely separated spatially and the interaction delay would then increase with the separation. As is well known, the effect of a finite speed of interaction can be reconstructed using the Pythagorus theorem of geometry to obtain
where (l ′ , t ′ ), (l, t) denote original and transformed intervals, respectively, and vt and vt ′ represent the relative distance travelled during the delay.
To derive the speed of light postulates, it is necessary to identify some very general notions of the fundamentality of physical forces, since only the most fundamental interactions may be chosen as legitimate basis for relating the physical scales. All but the fastest interactions can be immediately eliminated, because any observation could be completed by these well before the slower mechanisms. Sound is ineligible, for example, not so much because it gets trapped within the immediate medium and cannot detect elementary particles any way, but because it is known to be slower than electromagnetism.
It follows that all fundamental forces of nature must have a common speed greater than that of any other form of interaction or communication of information. Infinite speed would appear to be favoured, but it would force all fundamental interactions to occur instantaneously. More significantly, it would be impossible to construct anything remotely resembling a clock, because no finite combination of instantaneous interactions can suffice to yield a delayed action. Consequently, for the dimension of time to meaningfully exist at all, the fundamental forces must operate at a finite speed.
The same conclusion is obtained by considering that the physical effect of a fundamental interaction should be continuous and path-independent with respect to any spacetime displacements of the observer, ie. the measured data may change if the observer moves in space or makes the observation a little later, but the change must depend only on the final displacement δx, δt . This condition is expressed in basic mechanics by the Cauchy-Riemann (CR) equations [25, §62,65,66] ∂fx ∂x + 1 c ∂ft ∂t = 0,
and
where x is a compact notation for the spatial components and c is simply a scale factor relating the dimensions of distance and time. Path-independent continuity is called analyticity in complex variable theory, and we adopt the term in this generalised sense for brevity.
All fundamental interactions must be analytical, for the above reasons, which makes the Lorentz transformations conformal, or angle-preserving. This establishes a close relation to the Penrose-Terrell rotations ( §2), and means that the local structure of matter is preserved intact, and with no change in scale, at least in special relativity. It also explains why special relativity had been easy to incorporate into quantum mechanics, and why quantum covariance had remained to be discovered ( §3).
The CR conditions also yield the wave equations
meaning that an analytic interaction involves wave propagation at a speed c. By the preceding arguments, this speed must govern all physical means of interaction between any pair of physical observers, and therefore, every physical means of communication between them.
These conclusions are automatically valid for quantum fields, since the quantum wavefunctions are implicitly analytical. Further, eqs. (30-32) are formally identical to the Maxwell's equations for free-space, so that c is indeed the speed of light. It should be mentioned, however, that the analyticity conditions imply charge-like properties and therefore do not appear to be directly applicable to gravitation, which result is consistent with the special relation of gravitation to the very fabric of space and time.
D Treatment of general relativity
To show that the formalism of physical scale is indeed sufficient basis for deriving general relativity, we consider, as already stated, the physical distinction preventing the sharing of physical referents between observers to be spacetime separation. The spatial and temporal scales ∂x ′µ /∂x ν can then no longer be assumed to be linear and must be functions of the spacetime coordinates, leading to the tensor framework of general relativity. One can then apply the same notions of Newtonian approximation to derive Einstein's equation of gravity and so on to recover the rest of the existing relativity theory.
Our notions of physical scale are however more precise than Einstein's conception of space and time as the possible "continuations of physical bodies" [21,ch.1] , which makes no reference to the physical reality of the unit referents or to their locality. In our analysis, the general relativistic effects are entirely due to variations of local physical scales, embodied by these referents, from the perspective of any given observer. Space thus has a very physical significance in our theory, since its linearity or curvature now refer to physical referents at each point. Conversely, prior theory lacks physical foundation, in terms of detailed physical procedures of measurement and valuation, for its notions of spacetime curvature.
As a result, it remains conceptually difficult to ascribe physical properties to space, such as curvature, making it necessary to invoke Machian ideas, to quote [20, §2] there can be no inertia relatively to "space," but only an inertia of masses relatively to one another.
Mach's philosophy is however epistemologically unsound, because any process of observation must ultimately retrace our notion of physical referents. Mach attributed even the inertia of local matter to interaction with the distant stars [21,p56,99,107] , reasoning that acceleration, such as that involved in rotational motion, could be detected only by reference to distant stars.
Notwithstanding its acknowledged role of inspiration, Mach's view must be dismissed as yet another growing pain of scientific history, as physics must be concerned only with the observations of real observers, and the condition of reality requires that every such observer have a physical body, potentially capable of detecting accelerations due to its own inertia with no reference to distant referents whatsoever. The asymmetry between inertial and accelerated motions is thus fundamental, representing the physical reality of the observers, and the Machian view of prior theory is physically unsound.
The relativity of scale leads to a symmetry of a different kind in cosmology, viz. that a magnification of the rest of universe should be equivalent, from the perspective of the distant observer, to a relative shrinkage of ourselves. While this was the starting point in deducing the theory, we have shown, in §4, that the local shrinkage can be real but the expansion of the universe cannot be legitimately construed as anything more than apparent magnification.
The magnification and dilation views of §3 demonstrate another aspect of complementarity between the special and general theories. As mentioned in Appendix C, the Penrose-Terrell result shows that special relativity entails only rotation and no change of scale on the microscopic level, whereas the spacetime curvature, as we have shown, involves the conjugate change of scale with no rotation.
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